Summary. Injection of steroid-free bovine follicular fluid (bFF; 2 \m=x\5 ml s.c. 12h apart) into anoestrous ewes lowered plasma FSH concentrations by 70% and after 24 h had significantly (P < 0\m=.\01) reduced the number of non-atretic follicles (\ m=ge\ 1 mm diam.) without influencing the total number of follicles (\ m=ge\ 1 mm diam.) compared to untreated controls. Hourly injections of FSH (10 \g=m\g i.v. NIH-FSH-S12) for 24 h did not influence the number of non-atretic follicles but did negate the inhibitory effects of bFF on follicular viability. Hourly injections of FSH (50 \ g=m\ gi.v., NIH-FSH-S12) + bFF treatment for 24 h significantly increased the total number of non-atretic follicles, and particularly the number of medium to large non-atretic follicles (\ m=ge\ 3 mm diam.) compared to the untreated controls (both P < 0\m=.\01). The 10\g=m\g FSH regimen (without bFF) significantly increased aromatase activity in granulosa cells from large ( \ m=ge\ 5 mm diam.; P < 0\m=.\01) but not medium (3\ p=n-\ 4\ m=. \ 5 mm diam.) or small (1\ p=n-\ 2\ m=. \ 5 mm diam.) follicles compared to controls. The 10 \g=m\g FSH + bFF regimen had no effect on granulosa-cell aromatase activity compared to the controls. However, the 50 \g=m\g FSH plus bFF regimen increased the aromatase activity of granulosa cells from large, medium and small non-atretic follicles 2\m=.\6-,8\m=.\3-and \m=ge\11-fold respectively compared to that in the control cells. Ewes (N = 11) that ovulated 2 follicles had significantly higher plasma FSH concentrations from 48 to 24 h and 24 to 0 h before the onset of a cloprostenol-induced follicular phase (both P < 0\m=.\01) than in the ewes (N = 12) that subsequently ovulated one follicle. Hourly FSH treatment (1\m=.\6 \ g =m\ g i.v., NIAMDD-FSH-S15) for 24 h but not for any 6 h intervals between 48 and 24 h or 24 and 0 h before a cloprostenol-induced luteolysis also resulted in significant increases (P < 0\m=.\05) in the number of ewes with 2 ovulations.
Introduction
Follicle-stimulating hormone (FSH) is believed to act specifically on granulosa cells to influence the viability of ovarian follicles and ultimately their ability to ovulate (Hirshfield, 1979; Richards, 1980; Peters & McNatty, 1981; Monniaux, Chupin & Saumande, 1983) . The viability of an antral follicle may be assessed from its morphological characteristics and/or the ability of its granulosa cells to synthesize oestradiol-17ß (Byskov, 1978; McNatty, 1981; Tsafriri & Braw, 1984; McNatty et al, 1985) . Pregnant mares' serum gonadotrophin (PMSG) is known to influence the proportions of atretic and non-atretic follicles in rats and sheep without altering the total antral follicle population (Peters, Byskov, Himelstein-Braw & Faber, 1975; Dott, Hay, Cran & Moor, 1979; Braw & Tsafriri, 1980; McNatty et al, 1982) . However, it is not known whether the 'atresia-preventing' or 'atresiareversing' effects of PMSG are due solely to its FSH-like properties or to those of both LH and FSH (Monniaux et al, 1983) . In rats, FSH is known to induce/activate oestrogen-synthetase (aromatase) activity in granulosa cells (Dorrington, Moon & Armstrong, 1975) , but in sheep it is not known whether FSH influences granulosa-cell aromatase activity directly by modulating enzyme activity or indirectly by influencing follicle viability (McNatty, 1981) .
FSH treatment of animals of various species increases the ovulation rate (Greenwald, 1962; Laster, 1973; Elsden, Nelson & Seidel, 1978; Wright, Bondioli, Grammer, Kuzan & Menino, 1981; Armstrong & Evans, 1983) , whereas low concentrations of plasma FSH resulting from a clinical disturbance, oestrogen implants or follicular fluid treatment leads to a short-term delay in ovu¬ lation, anovulation or inadequate luteal function (Ross et al, 1970; Stouffer, Coensgen, di Zerega & Hodgen, 1981; Zeleznik, 1981; McNeilly, 1984) . Ewes and cows that ovulate 2 or more follicles might therefore do so because they have higher FSH concentrations than do animals that ovulate only one follicle. However, in sheep, the evidence for a positive relationship between endogenous FSH concentrations and ovulation rate has been equivocal (Bindon, Blanc, Pelletier, Terqui & Thimonier, 1979; Scaramuzzi & Radford, 1983 ; Lahlou-Kassi, Schams & Glatzel, 1984) .
The aim of this study on Romney ewes was to examine the temporal relationships between FSH concentrations in plasma and follicle viability, granulosa-cell aromatase activity and ovulation rate.
Materials and Methods
The animals in this study were 2-5-to 3-5-year-old parous Romney ewes.
Experiment 1 was designed to examine the effects of lowering or raising the plasma FSH con¬ centrations on follicle viability and granulosa-cell aromatase activity. In Romney ewes, the levels of granulosa-cell aromatase activity do not differ for a given follicle size during the oestrous cycle or anoestrus (McNatty et al, 1984 (McNeilly, 1984) . The method for removing steroids from bFF was identical to that described by Henderson & Franchimont (1981) . The ovaries of all the above animals were excised for further study 24 (McNatty et al, 1985) . To help classify follicles as non-atretic or atretic, the presence or absence of thecal blood capillaries (at 10 magnification) and of debris in follicular fluid was noted. In addition, after removal of the granulosa cells, the colour of the theca interna (i.e. red, pink or white) was recorded. For the purpose of this study a healthy follicle was defined as one with: (a) visible thecal blood capillaries, (b) follicular fluid devoid of debris, (c) an apparently healthy oocyte, (d) a pink-to red-coloured theca interna, and (e) > 25% of the maximum number of granulosa cells for a given follicle size (McNatty et al, 1985) . Conversely, an atretic follicle was one to which any of these criteria did not apply.
Granulosa cell aromatase assay. Pools of granulosa cells from follicles at similar stages of development (3 experiments) were collected into Medium 199 containing sodium bicarbonate (0-85 g/1), Earle's salts, L-glutamine (010g/l), Hepes buffer (20 mM) and 1% BSA (w/v) (Medium A, ph = 7-4). They were washed and resuspended in Medium A so that the final cell concentration was 6-60 IO4 granulosa cells/ml; 0-5 ml aliquants of these cell suspensions were placed in 10 mm 75 mm plastic tubes containing 0-5 ml of a solution of 2000 ng testosterone/ml. The cell suspensions were gassed with 5% C02 in air, stoppered and then incubated for 3 h in a shaking water bath at 37°C. At the end of the incubation, the Progesterone in plasma and oestradiol-17ß in culture medium were measured by radioimmuno¬ assay procedures described in detail elsewhere (McNatty et al, 1982 (McNatty et al, , 1984 (McNatty et al, 1984) and the minimum detectable quantity of oestradiol-17ß in 01 ml Medium A was 5pg.
The intra-and inter-assay coefficients of variation for the above steroids were < 10%. The media (0-1 ml) were assayed directly, without extraction, for cAMP by radioimmunoassay using the New England Nuclear 125I-labelled cAMP radioimmunoassay kit; the acetylation step was included. The (21, 32) ng/ml some 10 h later (P < 0-01); the latter concentrations once reached were maintained for at least 14 h.
The effects of bFF and/or FSH treatment on the number of non-atretic follicles and their dis¬ tribution with respect to follicular diameter are shown in Table 1 . There was no effect of any of the treatments on the total number of follicles present in each ewe. Treatment with bFF significantly reduced the number of medium to large (^3 mm diam.) non-atretic follicles. Treatment of ewes with the 10µg FSH regimen alone had no effect on the numbers of non-atretic follicles, but the 10 µg FSH + bFF regimen neutralized the suppressive effects observed in ewes treated with bFF alone. Treatment of ewes with a 50 µg FSH + bFF regimen significantly increased the number of non-atretic follicles and the number of medium to large non-atretic follicles (^3 mm diam.).
The effects of bFF and/or FSH inoculation on aromatase activity in granulosa cells are sum¬ marized in Table 2 . The 10µg FSH regimen increased aromatase activity in cells from follicles of 5 mm diameter 4-7-fold compared to that in control ewes and 1 -8-fold compared to that in ewes treated with bFF + 50 µg FSH. In contrast, treatment with 10 µg FSH had no stimulatory effect on aromatase activity in medium or small diameter follicles. Aromatase activity in cells from the ewes treated with bFF + 10 µg FSH was not significantly different from that in the control animals, but activity in cells from the bFF + 50 µg FSH-treated ewes was significantly different from that in the Values significantly different from that of control (/><001; ANOVA). (76, 82) ng/ml for the ewes that subsequently had 2 and 1 CL respectively.
In the cycle after cloprostenol injection all ewes had plasma progesterone concentrationŝ 1 ng/ml by 5 days after mating and all were adjudged to have had normal CL since the pro¬ gesterone concentrations were^-1 ng/ml for at least 8 days of the cycle. No significant differences were noted in mean daily concentrations of progesterone between those with 1 or 2 CL.
Effect of FSH treatment on granulosa-cell cAMP synthesis and ovulation rate (Exp. 3)
The effects of different doses of ovine FSH (NIAMDD-FSH-S15) and human FSH (NIAMDD-hFSH-2) on stimulation of granulosa cell cAMP synthesis are shown in Text- fig. 3 . Doses of 1 and 10 µg human FSH/ml and 10 µg ovine FSH/ml stimulated granulosa-cell cAMP synthesis in all follicles. The 10 µg dose of ovine FSH stimulated a cAMP response which was only 56-70% ofthat achieved with 10 µg human FSH.
In the 10 ewes injected (i.v.) hourly with 1-6 µg ovine FSH (NIH-FSH-S15) and blood sampled before and during treatment (see 'Materials and Methods'), the geometric mean (and 95% con¬ fidence limits) for the FSH concentrations before and during the first 2 h of treatment were 81 (59, 111) and 98 (74, 128) ng/ml respectively. The overall geometric mean FSH concentration during FSH supplementation was 121 ± 3% ofthat before treatment.
There were no significant increases in the subsequent ovulation rates in treated compared to control animals when the treated ewes were injected with 1-6 µg ovine FSH (NIAMDD-FSH-S15)
once per h for 6 h over any of the consecutive 6-h time frames from 72 h before to 24 h after cloprostenol injection. However, when ewes were injected with 1-5 µg ovine FSH (NIAMDD-FSH-S15) once per h for 24 h, the subsequent mean ovulation rates in the FSH and control ewes over the time frames (McNatty et al, 1984) . However, this level of activity (i.e. 5-3 ng oestradiol/106 cells/3 h) was only 0-2 times that produced by cells exposed to additional amounts of FSH in vivo (Table 2) .
A major finding in the present study was that ewes ovulating 2 follicles had significantly higher (P < 001) plasma FSH concentrations from 48 to 24 h and 24 to 0 h before the onset of luteolysis than did ewes ovulating a single follicle. It seems that the 2f>40% higher FSH concentrations before luteolysis in the sheep with twin ovulations (i.e. compared to those with a single ovulation) were causally related to the increase in ovulation rate. The hourly administration of ovine FSH (1-6 µg i.V.; NIH-FSH-S15) increased the mean plasma FSH concentrations by~2 0% (P < 0-01) and this FSH regimen over the 24-h time frames of 48 to 24 h or 24 to 0 h before luteolysis also led to a significant increase (P < 005) in the number of Romney ewes with twin ovulations. This increased frequency of twin ovulations after supplementary ovine FSH treatment was achieved under a dose regimen which was probably submaximal at the level of the granulosa cells. For example, the response of granulosa cells to l·6µg ovine FSH (NIH-FSH-S15) in terms of cAMP production in vitro was < 50% ofthat attainable with human FSH (NIAMDD-hFSH-2). Also, the exogenous ovine FSH regimen was effective when administered for 24 h but not when administered for only 6 h. These findings suggest that during the 6 h treatment regimen the dose of ovine FSH may have been too low and/or that the granulosa cells were not exposed to the additional FSH for a sufficient period of time. The latter is a possibility because of the time required for proteins to traverse to the granulosa cells from the peripheral circulation (Cran, Moor & Hay, 1976 Dobson, Gibb, Kieboom & Thurley, 1981; Dieleman, Bevers, Poortman & van Toi, 1983) .
The administration of PMSG (500 i.u.) simultaneously with cloprostenol is known to enhance ovulation rates in Romney ewes McNatty et al, 1982) . However, hourly injections of ovine FSH (1-6 µg NIAMDD-FSH-S15 i.v.) or gonadotrophin-releasing hormone (500 ng i.V.; data not shown) for 24 h from the onset of luteolysis failed to increase the ovulation rate in Romney ewes. Perhaps the difference in effectiveness between the three treatments was due to the longer half-life of PMSG than that of FSH and LH in vivo (Schams et al, 1978) , although differences in dose rates cannot be ruled out.
